As of 2015, 43% of the world already owned a smartphone.[@R1] Continuing progress in digital imaging devices may allow the quality assurance of cervical cancer screening to be improved. We conducted a pilot study to evaluate the utility of a smartphone for diagnosing cervical intraepithelial neoplasm (CIN) or invasive cancer.

For our study, we used the iPhone 5S (Apple, California, USA) to inspect the uterine cervix of 20 patients with abnormal cervical cytology. The iPhone 5S has an 8 megapixels camera, with an aperture size of F2.2, focal length of 30 mm and a pixel size of 1.5 μm. For this purpose, we called the device, and its use as a cervical scope, a 'Smartscopy'. The institutional review board of Osaka University Hospital approved the present study. A written informed consent was obtained from all patients. After the application of a 3% solution of acetic acid to the cervix for 1 min, a gynaecologist (Dr A) inspected the cervix using Smartscopy with the activated flash mode ([figure 1](#BMJINNOV2016000174F1){ref-type="fig"}). Dr A next captured still and moving pictures of the cervix. Dr A then recorded the most prominent areas of 'smartscopically' revealed abnormal epithelium. Subsequently, another gynaecologist (Dr B), who was not informed of the smartscopic findings, inspected the cervix of the same patient using traditional colposcopy (OCS-500; Olympus, Tokyo, Japan). Dr B then conducted a biopsy based on the colposcopic findings. The correlation between the smartscopic findings and the histological diagnosis was evaluated.

![Uterine cervix after application of the acetic acid, captured by the smartphone. (A) CIN1, note the acetowhite epithelium at 12 o\'clock. (B) CIN2, note the acetowhite epithelium at 12 o\'clock. (C) CIN3, note the acetowhite epithelium and mosaic at 1 o\'clock.](bmjinnov-2016-000174f01){#BMJINNOV2016000174F1}

[Table 1](#BMJINNOV2016000174TB1){ref-type="table"} shows the results.

###### 

Characteristics of the 20 patients with abnormal cytology

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Patient no.   Age (years)   Cervical cytology   Transformation zone type   The most prominent area of smartscopic change    Site of biopsy, based on the colposcopic finding               Phathological diagnosis
  ------------- ------------- ------------------- -------------------------- ------------------------------------------------ -------------------------------------------------------------- ------------------------------
  1             42            ASC-US              Completely visible         Acetowhite epithelium at 4 o\'clock              Fine acetowhite epithelium at 4 o\'clock\                      CIN1\
                                                                                                                              Acetowhite epithelium at 11o\'clock                            CIN1

  2             49            LSIL                Partially visible          Acetowhite epithelium at 12 o\'clock             Acetowhite epithelium at 12 o\'clock\                          CIN1\
                                                                                                                              ECC                                                            NED

  3             40            LSIL                Partially visible          Acetowhite epithelium at 2 o\'clock              Fine acetowhite epithelium at 6 o\'clock\                      CIN1\
                                                                                                                              Fine acetowhite epithelium at 2 o\'clock                       CIN1

  4             45            HSIL                Partially visible          Acetowhite epithelium at 12 o\'clock             Fine acetowhite epithelium at 7 o\'clock\                      NED\
                                                                                                                              Fine acetowhite epithelium at 12 o\'clock                      CIN2

  5             32            ASC-H               Completely visible         Acetowhite epithelium at 3 o\'clock              Dense acetowhite epithelium at 3 o\'clock                      Microinvasive SCC

  6             36            LSIL                Not visible                Acetowhite epithelium at 7 o\'clock              Fine acetowhite epithelium at 7 o\'clock\                      CIN1\
                                                                                                                              Fine acetowhite epithelium at 9 o\'clock\                      NED\
                                                                                                                              ECC                                                            NED

  7             42            ASC-US              Completely visible         Acetowhite epithelium at 12 o\'clock             Fine acetowhite epithelium at 12 o\'clock                      CIN3

  8             40            ASC-US              Completely visible         Acetowhite epithelium at 9 o\'clock              Fine acetowhite epithelium at 9 o\'clock\                      CIN1\
                                                                                                                              Fine acetowhite epithelium at 3 o\'clock\                      CIN1\
                                                                                                                              Fine punctation at 1 o\'clock                                  NED

  9             42            LSIL                Completely visible         Acetowhite epithelium at 2 o\'clock              Dense acetowhite epithelium at 2 o\'clock\                     CIN2\
                                                                                                                              Dense acetowhite epithelium at 7 o\'clock\                     CIN2\
                                                                                                                              Dense acetowhite epithelium at 9 o\'clock                      CIN2

  10            28            HSIL                Completely visible         Acetowhite epithelium at 12 o\'clock             Dense acetowhite epithelium at 7 o\'clock\                     CIN2\
                                                                                                                              Dense acetowhite epithelium at 9 o\'clock\                     CIN3\
                                                                                                                              Dense acetowhite epithelium at 12 o\'clock                     CIN3

  11            38            LSIL                Not visible                Acetowhite epithelium at 7 o\'clock              Fine acetowhite epithelium at 7 o\'clock                       CIN1

  12            26            HSIL                Completely visible         Acetowhite epithelium at 9 o\'clock              Fine acetowhite epithelium at 3 o\'clock                       CIN1

  13            37            LSIL                Not visible                Unsatisfactory 'smartscopic' findings            Fine acetowhite epithelium at 12 o\'clock\                     CIN1\
                                                                                                                              ECC                                                            NED

  14            38            Adenocarcinoma      Partially visible          Macroscopic cancer in posterior lip              Macroscopic cancer in posterior lip                            Adenocarcinoma

  15            39            ASC-US              Completely visible         Acetowhite epithelium at 11 o\'clock             Fine acetowhite epithelium at 11 o\'clock\                     CIN3\
                                                                                                                              Fine acetowhite epithelium at 2 o\'clock                       CIN3

  16            47            HSIL                Completely visible         Acetowhite epithelium and mosaic at 1 o\'clock   Dense acetowhite epithelium and coarse mosaic at 1 o\'clock\   CIN3\
                                                                                                                              Dense acetowhite epithelium at 3 o\'clock                      CIN3

  17            47            LSIL                Completely visible         Acetowhite epithelium at 5 o\'clock              Fine acetowhite epithelium at 5 o\'clock                       CIN2

  18            36            ASC-H               Completely visible         Acetowhite epithelium at 12 o\'clock             Fine acetowhite epithelium at 12 o\'clock\                     CIN2\
                                                                                                                              Fine acetowhite epithelium at 7 o\'clock                       CIN2

  19            39            LSIL                Partially visible          Acetowhite epithelium at 3 o\'clock              Fine acetowhite epithelium at 9 o\'clock\                      CIN1\
                                                                                                                              Fine acetowhite epithelium at 3 o\'clock                       Cervicitis

  20            40            ASC-US              Not visible                Acetowhite epithelium at 12 o\'clock             Fine acetowhite epithelium at 12 o\'clock\                     CIN1\
                                                                                                                              Fine acetowhite epithelium at 6 o\'clock                       Atypical squamous epithelium
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CIN2+ could all be detected by using the smartphone.

ECC, endocervical curettage; NED, no evidence of diseases; SCC, squamous cell carcinoma.

The median age of the 20 patients was 39.5 years (range 26--49). The pathological diagnoses included CIN1 in 10 patients and CIN2+ in the remaining 10. In 17 of the 20 cases (85%), the CIN1+ could be diagnosed using Smartscopy (patients no. 1--11, 14--18 and 20). All 10 CIN2+ lesions could be detected using Smartscopy (patients no. 4, 5, 7, 9, 10 and 14--18). There were incongruities between the two approaches. For example, in the case of patient no. 12, the smartscopist noted that the most prominent smartscopic finding was acetowhite epithelium at the 9 o'clock position. However, the colposcopist did not perform a biopsy of this site; therefore, the pathological diagnosis of this site is unknown. In the case of patient no. 13, the colposcopy detected CIN1, as fine acetowhite epithelium at the 12 o\'clock position, which was not detected by Smartscopy. In the case of patient no. 19, the histological diagnosis confirmed that the acetowhite epithelium at the 3 o\'clock position noted by smartscopy was cervicitis. Our study also showed that video systems using a smartphone could be particularly useful for demonstrating the dynamic changes that occur in the cervical epithelium after application of acetic acid (shown in [video 1](#video1){ref-type="fig"}).

Video 1Uterine cervix, 1 min after application of acetic acid. The smartphone revealed acetowhite epithelium throughout the entire transformation zone. The pathological diagnosis was CIN3 (9 and 12 o\'clock).10.1136/bmjinnov-2016-000174.video01BMJ Journals Video Playerbmjinnov2016000174media1

The use of smartphones, mobile networks and associated health applications (known as apps) is now almost universal. Countries with low medical resources need added assistance in their delivery of modern healthcare. This is particularly true where there are limited numbers of specialised physicians or nurses with respect to cancer screening. As smartphones become more universal, real-time and near-real-time expert medical consultations and telediagnosis are becoming more common.[@R2] This leads us to believe that there will soon be a demand for mobile cancer screening services, which will be particularly useful for women living in rural areas or doctor-less inner city communities. Smartphones would seem to have almost limitless possibilities to address this need for telemedicine. Further investigations will be required to confirm and improve the diagnostic capabilities of the smartphone.
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